Pseudoleptobothrium christisoni sp. nov. is described from the dermal denticles of the dorsal skin surface of a single female Rhinobatos annulatus collected off Cape Agulhas, South Africa and destined for public exhibition at the Two Oceans Aquarium in Cape Town. This new species differs from the only other species in the genus, P. aptychotremae Young, 1967, primarily by the morphology of the male copulatory tract. The distal portion of the male copulatory tract is wide and bears muscular papillae internally and externally. In addition, the area of ventral tegument near the vaginal pore has several parallel ridges which appear to serve as the initial attachment site for a bipartite spermatophore. The formation of the spermatophore in P. christisoni is discussed. The generic diagnosis of Pseudoleptobothrium is revised to accommodate P. christisoni and a partial redescription of P. aptychotremae is provided to include characters originally not described or described incorrectly.
Introduction
There are currently 5 Rhinobatos Linck, 1790 species found in South African waters including the common lesser guitarfish Rhinobatos annulatus Müller et Henle, 1841 (see Compagno 2003) . Recently, the monocotylid monogenean Neoheterocotyle robii Vaughan et Chisholm, 2010 was described from the gills of R. annulatus (see Vaughan and Chisholm 2010) , but there are no other records of monogeneans from South African rhinobatids.
Microbothriid monogeneans are parasites of the Carcharhinidae, Carchariidae, Scyliorhinidae, Squatinidae, Pristidae and Rhinobatidae (see Young 1967) . Microbothriids cause significant skin damage to their elasmobranch hosts in captivity leading to disease or even host mortality (Cheung et al. 1982 (Cheung et al. , 1988 Cheung and Nigrelli 1983; Cheung and Ruggieri 1983; Rand et al. 1986; Poynton et al. 1997) . Microbothriids are also reported to be pathogenic on wild-caught hosts (see Bullard et al. 2000) and are the possible vectors of bacterial infections (see Grimes et al. 1985) .
Pseudoleptobothrium aptychotremae Young, 1967 is a monotypic species recorded from the rhinobatids Aptychotrema rostrata (Shaw, 1794) and Trygonorrhina dumerilii Castlenau, 1873 (reported as Trygonorrhina fasciata Müller et Henle, 1841 by Glennon et al. (2006) but was later changed to T. dumerilii by Last and Stevens (2009) Examination of paratypes of P. aptychotremae for comparative purposes revealed a number of characters not previously described and a few irregularities in the interpretation of the reproductive structures by Glennon et al. (2006) . Thus, we also provide a partial redescription of P. aptychotremae.
Materials and methods
A single female lesser guitarfish, R. annulatus, was collected by the crew of the fisheries research vessel Sardinops off Cape Agulhas in 2008 and was donated to the Two Oceans Aquarium for public exhibition. The ray was transferred to the aquarium quarantine facility where it was inspected for monogeneans the following day under anaesthetic using 2-phenoxyethanol. Thirty-four microbothriids were observed on the dorsal skin surface and were removed from the dermal denticles of the host's skin using fine forceps before returning the ray to a recovery tank and later to an exhibit tank. Live worms were transferred directly onto the underside of a small glass Petri dish using a paintbrush and a small drop of fresh filtered seawater. The glass dish was then placed into the corresponding inverted glass lid to flatten the worms. AR-grade absolute ethanol was introduced in the space between the glass Petri dish and its inverted lid to kill and fix the worms. Flat-fixed worms were carefully lifted from the glass dish using a fine paintbrush and were subsequently bottled in AR-grade absolute ethanol. Flattened worms were stained with alum carmine or Gomori's trichrome, dehydrated in a graded ethanol series and cleared in cedarwood oil before being individually mounted in Canada balsam on a glass microscope slide under a coverslip. Six specimens were partially or totally digested using proteolytic digestion (see Vaughan et al. 2008) to investigate the fine structure of the distal part of the male copulatory tract and to test whether any part thereof was sclerotised. One spermatophore was partially digested to clarify its morphology. All digests were mounted in glycerine jelly on glass microscope slides with coverslips sealed with clear nail varnish.
All mounted specimens were examined using an Olympus CX41 compound microscope fitted with phase-contrast and dark-field optics. Photomicrographs were taken with an Olympus Altra20 digital microscope camera and drawings were made with the aid of a drawing tube. All measurements were made using Olympus AnalySIS5 ® software and are given in micrometres as the mean ± the standard deviation, followed in parentheses by the range and number measured.
Taxonomic terminology follows that of Glennon et al. (2006) and Kearn et al. (2010) . The type series of the new taxon is deposited in the Iziko South African Museum (SAM-CTA) in Cape Town, 8000, South Africa, and the Australian Helminthological Collection (AHC) at the South Australian Museum (SAMA), North Terrace, Adelaide, South Australia 5000, Australia. Voucher specimens of P. aptychotremae borrowed from SAMA (AHC 28917, AHC 28929-28932) were examined for comparative purposes.
Results
Microbothriidae Price, 1936 Microbothriinae Price, 1936 Pseudoleptobothrium Young, 1967 
Amended Generic Diagnosis
With characters of the Microbothriinae sensu Yamaguti (1963) Specimens examined: Holotype: SAMCTA 29502, 27 paratypes: SAMCTA 29503 (11 paratypes; whole adult worms), SAMCTA 29508a (4 paratypes: partial male copulatory tract digests; 2 per slide), SAMCTA 29508b (1 paratype: partial spermatophore digest), SAMA AHC 29943-AHC 29953 (11 paratypes; whole adult worms).
Description: Based on holotype, 27 paratypes (including 4 partial digests of the male copulatory tract and 1 partially digested spermatophore removed from a single specimen). Body elliptical (Fig. 1A) , total body length 3330 ± 426.4 (2500-4120, n = 23). Maximum body width 928 ± 92.7 (784-1097, n = 23) at level of common genital pore. Posterior part of body tapers to form haptor with diamond-shaped depression and muscular walls to accommodate shape of host dermal denticle (Fig. 1B) . Hamuli and marginal hooklets absent. Thick longitudinal muscles extend anteriorly from haptor into body through glandular region (Fig. 1A) .
Mouth anterior, subterminal, leading to small buccal cavity flanked on either side by prominent anterior glands. Gland ducts open into buccal cavity (Fig. 1A) . Eyes absent. Buccal cavity precedes short pre-pharynx. Pharynx 213 ± 36.5 (150-302, n = 22) long, 236 ± 27.5 (187-289, n = 22) wide, roughly conical with wider anterior part containing approximately 15 digitiform papillae (Fig. 1A ). Intestinal caeca with numerous short diverticula leading medially and laterally (Fig. 1A) ; not confluent posteriorly; obscured by vitellarium. Right caecum travels inward curving around area associated with vaginal pore. Pair of excretory bladders present posterior to and on either side of pharynx (Fig. 1A ).
Testis single, ovoid, 304 ± 35.9 (238-372, n = 22) long, 400 ± 31.9 (321-470, n = 22) wide, positioned immediately posterior to ovary and seminal receptacle (Fig. 1A) . Vas deferens exits left anterior part of testis; travels anteriorly, dorsal to transverse vitelline duct, parallel to left intestinal caecum before travelling over thin tubular ring of muscle around male Fig. 1 . Pseudoleptobothrium christisoni sp. nov. and Rhinobatos annulatus dermal denticle: A -Whole worm, ventral view, composite. For clarity vitellarium not shown; B -Host dermal denticle, in dorsal view; C -Egg; ag -anterior gland; bu -buccal cavity; cgp -common genital pore; dmc -distal part of male copulatory tract; ex -excretory bladder; gc -gland cells; gr -posterior glandular region; ha -haptor; i -intestine; m -mouth; me -Mehlis' glands; mt -thin muscle tube around male copulatory tract; mu -muscles associated with haptor; o -ovary; ob -ovarian branch; oot -oötype; p -pharynx; pmc -proximal part of male copulatory tract; pr -parallel ridges of the tegument; pre -pre-pharynx; sr -seminal receptacle; sv -seminal vesicle; t -testis; tvd -transverse vitelline duct; vd -vas deferens; vp -vaginal pore. Scale bars = 1000 µm (A), 200 µm (B and C) copulatory tract (Fig. 1A) . Short seminal vesicle enters base of glandulo-muscular proximal part of male copulatory tract, 290 ± 59.0 (209-436, n = 23) long, 189 ± 27.7 (129-225, n = 23) wide (Fig. 1A) . Distal portion of male copulatory tract 539 ± 90.2 (386-804, n = 23) long, covered internally and externally by small muscular papillae along entire length ( Figs 1A, 2A) ; with wide opening at distal-most end.
Vitellarium with anterior transverse connection passing posterior to pharynx; follicular, extends from level of anterior portion of pharynx, terminating posteriorly at level of posterior extremity of intestinal caecum and well short of haptor. Right vitelline branch follows inward curve of caecum ventrally around area associated with vaginal pore. Vitellarium not drawn in Figure 1A for sake of clarity. Trans- Fig. 2 . Pseudoleptobothrium christisoni sp. nov. male copulatory tract and spermatophore production: A -Partial digest to reveal muscular papillae covering the internal and external surfaces of the distal region of the male copulatory tract; B -Empty distal region of the male copulatory tract; C -Spermatophore forming in the distal region of the male copulatory tract; D -Magnified view of spermatophore formation in distal region of male copulatory tract; E -Single spermatophore (see also Fig. 3 ) attached to an external fold in the tegument, near the vaginal pore; sbt -stalk with blunt terminus; sft -stalk with flared terminus; sp -spermatophore; spf -forming spermatophore. Other abbreviations as for Fig. 1 . Scale bars = 10 µm (A), 100 µm (B-E) verse vitelline duct joins ovovitelline duct ventrally (Fig.  1A) . Common vitelline duct not observed. Large irregular, unarmed ventral vaginal pore present in anterior half of body, right of body midline (Fig. 1A) . Numerous ventral parallel ridges associated with vaginal pore running left, over body midline and associated area of ovovitelline duct (Fig. 1A) . Duct connecting vaginal pore and seminal receptacle not seen; likely obscured by vitellarium and parallel ridges. Spherical seminal receptacle 108 ± 21.9 (74-158, n = 23) in diameter (Fig. 1A) . Ovary on right side of body, proximal region oval, 186 ± 27.6 (135-241, n = 23) long, 246 ± 40.2 (172-310, n = 23) wide with branch looping right intestinal caecum dorsoventrally (Fig. 1A) . Ovarian branch narrows abruptly to form short oviduct (Fig. 1A) . Short duct from centre of seminal receptacle travels anteriorly to join oviduct, dorsal to transverse vitelline duct (Fig. 1A) . Ovovitelline duct travels anteriorly, entering base of oötype (Fig. 1A) . Mehlis' glands present at oötype base (Fig. 1A) . Extensive field of gland cells present on either side of oötype (Fig. 1A) . Oötype thick-walled, 799 ± 147.7 (529-1055, n = 23) long, looped or straight; common genital pore opening immediately posterior to male copulatory tract (Fig. 1A) . Uterus absent. Tetrahedral egg (measured in oötype), side length 128 ± 6.2 (116-138, n = 13) with long filamentous polar appendage and three horn-like projections 37 ± 4.9 (33-48, n = 7) long (Fig. 1C) . Fig. 3 . Single spermatophore excised from the ventral tegument of Pseudoleptobothrium christisoni sp. nov. and partially digested using proteolytic digestion for clarity; c1 -small chamber of spermatophore; c2 -larger chamber of spermatophore; ft -flared terminus separated from stalk; rp -rounded portion of stalk concealed by flared portion of stalk terminus. Other abbreviations as for Fig. 2 . Scale bar = 100 µm
Spermatophores
We observed a spermatophore ( Figs 2E, 3) either attached externally to the ventral parallel ridges near the entrance of the vaginal pore, or just inside the vagina of five specimens. Close examination of all five of these spermatophores showed that the bulb of each spermatophore comprises two chambers. Two spermatophores were measured. The smaller chamber was 93 (82-104, n = 2) in diameter with the tubular appendage 189 (181-196, n = 2) long with a flared terminal section (Fig. 3) . The larger chamber was 114 (107-122, n = 2) in diameter with the tubular appendage 154 (146-162, n = 2) long with a blunt terminal section (Fig. 3) . On closer inspection using partial proteolytic digestion, the stalk with the blunt terminus appeared to be more rigid than the flared stalk which partially peeled away to reveal a rounded portion previously obscured by the folded, flared projection (Fig. 3) . The enigma of the bichambered spermatophore is unresolved but the chambers appear to be inter-linked.
The outside of the chambers and the two stalks of the spermatophore appeared to be attached to the ventral parallel ridges of the tegument. In the holotype (SAMCTA 29502), the attachment to the tegument of the worm is most easily observed using phase-contrast optics. The parallel tegumental ridges were clearly present in specimens where the spermatophore was attached externally. In specimens where the spermatophore had been drawn into the vagina, the ridges were less pronounced, possibly a result of the tegument stretching to accommodate the expanded vagina. As the spermatophore began to disintegrate, the ridges were again more evident.
The lumen of the distal portion of the male copulatory tract contained what appeared to be a forming spermatophore in some of the specimens stained with Gomori's trichrome. The contents appeared to originate from the glandulo-muscular proximal part of the male copulatory tract and they stained the same colour as the contents in the chambers of the externally attached spermatophores.
Remarks
Pseudoleptobothrium christisoni sp. nov. differs significantly from the type species P. aptychotremae primarily in the morphology of the male copulatory tract, the position of the vagina, and the presence of ventral parallel ridges near the conspicuous vaginal pore. The distal part of the male copulatory tract is covered internally and externally by small muscular papillae in contrast to that of P. aptychotremae which has a comparatively thin, coiled, sclerotised male copulatory organ with an accessory piece as described below. Proteolytic digestion was used to confirm that these papillae were not sclerotised. Specimens left in the digestion fluid dissolved completely. This is the first published report of a spermatophore in a microbothriid but spermatophores have been observed attached to an undescribed Dermopristis Kearn, Whittington et Evans-Gowing, 2010 species (Kearn, personal communication) .
The authority for the Microbothriinae has been cited incorrectly numerous times in the literature either as Price, 1938 (e.g. Young 1967 ) or as Yamaguti, 1963 (e.g. Kearn et al. 2010 . However, since Price (1936) erected the Microbothriidae, all coordinate taxa take on the same authority and date. Thus, the correct authority for the Microbothriinae is Price, 1936 . Additional locality: Kingston Point, Seacliff (35°1΄59˝S, 138°31΄29˝E), near Adelaide, South Australia, Australia; Gulf St. Vincent, South Australia, Australia (see Glennon et al. 2006) . Location on host: Attached to dermal denticles of the dorsal skin surface.
Pseudoleptobothrium aptychotremae
Specimens examined: Paratypes SAMA AHC 28917, AHC 28929-32.
Partial redescription: Extensive anterior glands with ducts opening either side of anterior part of buccal cavity (Fig. 4) . Vas deferens narrows to form seminal vesicle travelling dorsally across muscular ejaculatory bulb and enters near its base (Fig. 5A ). Extensive network of male accessory glands on either side of ejaculatory bulb with fine network of ducts leading into base of ejaculatory bulb (Fig. 5A) . Distal tip of sclerotised male copulatory organ encircled by accessory piece as illustrated (Fig. 5A) .
Common vitelline duct narrow, travels posteriorly next to seminal receptacle to join oviduct to form ovovitelline duct left of ovary (Fig. 5B) . Mehlis' glands present at dorsoventrally-folded proximal part of oötype (Fig. 5B) . Oötype winding, elongate with roughly triangular-shaped distal chamber positioned posterior to common genital pore (Fig. 5B) .
Vaginal pore positioned immediately posterior to unarmed common genital pore (Fig. 5B) . Vagina tubular, thick-walled, positioned medially to slightly right of body midline (Fig. 5B) . Proximal part muscular, travelling left, dorsal to transverse vitelline duct, ventral to oötype, entering elongate seminal receptacle with very short duct to ovovitelline duct (Fig. 5B) . Spermatophores not observed.
Remarks
It could not be determined whether or not the accessory piece associated with the distal tip of the male copulatory organ is sclerotised and no fresh material was available for proteolytic digestion to confirm this. The vagina was described by Young (1967) as the "copulation canal" but it is difficult to discern all the ducts in his illustration. The vagina was misinterpreted as the seminal receptacle by Glennon et al. (2006) . The path of the vagina is difficult to determine in both Pseudoleptobothrium species because it is obscured by the dense vitellarium and by the intestine. Young (1967) considered the walls of the seminal receptacle in P. aptychotremae as thick with an outer wall of circular muscles and inner longitudinal muscles. The proximal part of the vagina in P. aptychotremae is consistent with this description and therefore it is likely that Young (1967) misinterpreted the proximal part of the vagina as the seminal receptacle in the type material.
In the voucher material Glennon et al. (2006) noted the presence of the "short oesophagus" which was considered absent by Young (1967) . Glennon et al. (2006) regarded differences in the length of the male copulatory organ between voucher specimens collected from different localities (Kingston Point, Seacliff, near Adelaide and Gulf St. Vincent, South Australia) as the result of parasite age, geographic location, sample size and preparation methods. Special consideration was given by Glennon et al. (2006) to the possible influence of preparation methods, as voucher specimens from Gulf St. Vincent were not flattened prior to mounting and the male copulatory organ of these vouchers could not be measured accurately.
Discussion
The placement of our new microbothriid species was difficult because it has a number of features common to two microbothriid genera. Our new species shares similar morphological characters with the newly discovered Dermopristis paradoxus Kearn, Whittington et Evans-Gowing, 2010 , a microbothriid from Pristis microdon Latham, 1794. These are the only two microbothriids known to have parallel ridges on the ventral tegument. In D. paradoxus they cover most of the ventral surface of the body whereas they are only associated with the ventral area near the vaginal pore in P. christisoni. In addition, the male copulatory tract of both these microbothriids is divided into two distinct sections; a glandulo-muscular proximal part and a wider, tubular distal section. However, D. paradoxus has two testes whereas our new species has a single testis and the path of the ovary differs. Thus, we chose to place our new species in the monotypic Pseudoleptobothrium as the type species, P. aptychotremae, and our new species have a single testis, an ovary which loops the right intestinal caecum and parasitise members of the Rhinobatidae. Pseudoleptobothrium christisoni is not accommodated perfectly in this genus. The male copulatory organ of P. aptychotremae is a thin coiled, sclerotised tube. In P. christisoni on the other hand, it is an unsclerotised structure divided into two distinct regions and the distal region is covered internally and externally with many unsclerotised muscular papillae ( Fig.  2A) . Despite the differences in male copulatory organ morphology we consider that erecting a new genus to accommodate P. christisoni based on this single character is unwarranted at this time. Furthermore, monogenean species with sclerotised and unsclerotised male copulatory organs have been grouped within a single genus previously. Merizocotyle undulatae (Kearn et Beverley-Burton, 1990 ) Chisholm, Wheeler et Beverley-Burton, 1995, a monocotylid with an unsclerotised male copulatory apparatus, falls in the clade with other Merizocotyle species which have a sclerotised male copulatory organ (see Chisholm et al. 1995) .
Until now, spermatophores produced by monogeneans have been described as single-chambered. The spermatophore of P. christisoni is unique in that it consists of two roughly spherical chambers, one larger than the other. Both chambers taper to form a separate appendage. Five of the P. christisoni specimens had a single spermatophore either attached to the parallel ridges associated with the outside of the vaginal pore or within the vagina itself. The mechanism of attachment of the spermatophore to the parallel ridges on the ventral surface of the body of the worm is uncertain. However, neither appendage is lodged inside the vaginal pore as an anchor. The most complete spermatophores were those observed attached to the ventral parallel ridges outside the vagina. Spermatophores which had been drawn into the vagina were at varying degrees of disintegration. The parallel ridges were far less pronounced in specimens with a disintegrating spermatophore than in those specimens with an intact spermatophore. Whittington and Kearn (2009) suggested that spermatophores of the capsalid Neoentobdella garneri Whittington et Kearn, 2009 were deposited on the outside of the body but these remained in position, held in place by a stalk lodged in the distal end of the vaginal chamber. There was no evidence that the capsule was engulfed by the vagina and it was unclear how the sperm entered the vagina (Whittington and Kearn 2009 ). In P. christisoni it appears that the spermatophore is initially deposited on the parallel ridges near the vaginal pore during copulation and is then drawn into the vagina where it disintegrates and releases its contents. The manipulation of the parallel ridges may assist with the translocation of the spermatophore. A similar mechanism of spermatophore deposition may also be used in Neoentobdella natans Kearn et Whittington, 2005 where a possible spermatophore or spermatophore material was observed on the body surface near the genital atrium or attached to the fleshy area dorsal to the common genital opening (Kearn and Whittington 2005) .
In one P. christisoni specimen, we observed what appears to be a spermatophore in the early stages of formation in the distal portion of the male copulatory tract (Figs 2C, D) . The contents of this mass are similar to that seen in the fully formed spermatophores (Fig. 2E) . It is unknown how the distal male copulatory tract moulds the distinct shape of the bipartite spermatophore, or how long this process would take to complete.
Pseudoleptobothrium christisoni is the first new microbothriid species described from South Africa. Prior to the present study, only a single new locality record for Dermophthirius carcharhini MacCallum, 1926 from Carcharhinus obscurus (Lesueur, 1818) represented the Microbothriidae from South Africa (Bullard et al. 2004) . This parasite was the cause of considerable skin damage and mortality to captive juvenile C. obscurus introduced into exhibits at uShaka Sea World, Durban between 2004 and 2009. In addition, this public aquarium experienced significant infections of D. maccallumi Watson et Thorson, 1967 on captive C. leucas (Müller et Henle, 1839 (Vaughan unpublished data) . It is well documented that representatives of the Microbothriidae are pathogenic in captive populations of elasmobranchs (Cheung et al. 1982 (Cheung et al. , 1988 Cheung and Nigrelli 1983; Cheung and Ruggieri 1983; Rand et al. 1986; Poynton et al. 1997) . Pseudoleptobothrium christisoni did not appear to cause significant skin damage to its host but we did not have the opportunity to study the longterm effects of this parasite as they were all removed from the skin of the ray soon after quarantine confinement at Two Oceans Aquarium. Therefore, further work is needed to determine the potential pathogenicity of P. christisoni on captive R. annulatus.
